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Effect of Teaching Recommended World 
Health Organization Technique on the Use 
of Alcohol-Based Hand Rub by Medical 
Students 
Nosocomial infections affect up to 10% of hospitalized pa-
tients, resulting in prolonged hospital stays, substantial mor-
bidity and mortality, and excessive costs.1 Hand hygiene is a 
key component in the prevention of nosocomial infections.2'3,4 
Its goal is a sufficient reduction of microbial counts on the 
skin to prevent cross-transmission of pathogens between 
patients.5 
Physicians, in particular, have the lowest rate of adherence 
to hand hygiene, compared with other staff groups.6,7 Re-
cently, we documented a significant improvement in the level 
of bacterial killing by teaching the technique recommended 
by the World Health Organization (WHO)8 to a large group 
of nurses9; however, data on the effect of such a training 
program for physicians are lacking. To our knowledge, no 
study so far has examined the effect of teaching the WHO-
recommended technique for use of alcohol-based hand rub 
(ABHR) among medical students. The aim of this study was 
to evaluate the level of bacterial killing on hands of medical 
students using the WHO technique. In addition, we hypoth-
esized that advanced medical students improve in hygiene 
performance because they receive multiple training sessions 
while on clinical duty. 
Medical students from academic years 1 through 4 at the 
University of Basel, Switzerland, studying during the time 
period from October 2001 through April 2009, attended a 
training lecture on the scientific background on hand hygiene 
that was based on the guideline issued by the WHO.8 The 6 
steps of proper hand hygiene technique described in the 
WHO guideline8 were demonstrated by providing an on-site 
presentation by an infection control professional and making 
recommendations for improvement after the students passed 
visual evaluation. This visual evaluation consisted of testing 
the technique by the addition of a fluorescent dye to the 
ABHR (2-propanol, 45.0 g; 1-propanol, 30.0 g; and mece-
tronium ethylsulfate 0.2 g) (Sterillium; Bode). After the hand 
hygiene procedure, students placed their hands in a stan-
dardized box under UV light; the areas of the hand that had 
been missed by the hand rub did not fluoresce. Compliance 
with recommended WHO technique was continuously mon-
itored by at least 2 infection control professionals. 
The number of colony-forming units (CFUs) of bacteria 
on the fingertips was determined before and after use of 
ABHR by the finger imprint technique. This is done by ob-
taining an imprint of the 5 fingertips of the dominant hand 
on a culture plate and subsequently quantifying bacterial 
growth as CFUs per plate, as described elsewhere.10 
Data were transferred to a database (Microsoft Excel 2007) 
and cross-checked for errors before being exported to statis-
tical software (SPSS, version 15.0). Categorical data were 
compared using the %2 test or Fisher exact test, as appropriate. 
From 2001 to 2009, we enrolled 563 medical students from 
academic years 1 through 4; of these, 257 students were in 
academic years 1 and 2 and 306 students were in academic 
years 3 and 4. Before the use of ABHR, the bacterial density 
on the hands of students was 26-100 CFUs per plate for 259 
students (46%) and was more than 100 CFUs per plate for 
207 students (36.8%). Fewer than 26 CFUs per plate were 
found for the remaining 97 students (17.2%). Staphylococcus 
aureus was recovered from the hands of 68 students (12.1%) 
before use of ABHR. Gram-negative bacteria (Klebsiella 
pneumoniae) were recovered from the hand of 1 student 
(0.2%). The skin flora found on the hands of the medical 
students before use of ABHR were Propionibacterium species, 
Corynebacterium species, coagulase-negative staphylococci, 
and Bacillus species. 
After the use of ABHR, 244 medical students (43.3%) had 
no detectable bacteria on their hands, 262 (46.5%) had very 
low bacterial density (fewer than 25 CFUs per plate), 45 (8%) 
had 25-100 CFUs per plate, and 12 (2.1%) had fewer than 
100 CFUs per plate. The difference in the density of CFUs 
before and after the use of ABHR was highly significant 
(P < .001). S. aureus was eliminated from the hands of 98.9% 
of students after applying the ABHR according to the WHO 
technique; this was a statistically highly significant reduction. 
There was no significant difference in baseline bacterial 
density between students in academic years 1 and 2 and stu-
dents in academic years 3 and 4. After use of ABHR, however, 
students in academic years 3 and 4 achieved a significantly 
greater reduction in bacterial density on their hands than did 
the medical students in academic years 1 and 2 (P< .001) 
(Table 1). 
Use of WHO-recommended technique to apply ABHR, 
TABLE l. Presence of Bacteria on the Hands of Medical Students 
after the Use of Alcohol-Based Hand Rub, According to Academic 
Year 
Academic 
year group 
Years 1 and 2 
Years 3 and 4 
Overall 
257 
306 
No. (%) of students 
With no 
bacteria 
detected* 
89 (35) 
155 (51) 
With residual 
bacteria 
detected 
168 (65) 
151 (49) 
* P< .001 for comparison of students from academic years 3 and 4 and 
students from academic years 1 and 2. 
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under supervision, achieved a high level of bacterial kill-
ing, eliminating almost all pathogens from the transient flo-
ra. Advanced medical students in academic years 3 and 4 
achieved a significantly greater reduction in bacterial density 
on their hands than did students in the first 2 years of training. 
This difference in performance most likely relates to their 
participation in repeated training sessions promoting the 
WHO hand hygiene technique, which is part of their routine 
training at the University Medical School of Basel. This ob-
servation underlines the need for repeated training programs 
throughout medical school and later during professional life. 
Whitby et al" also showed that interventions to improve 
compliance with hand hygiene among healthcare workers can 
be successful and that, provided intermittent reinforcement 
of the program is continued, this improvement can be main-
tained for at least 2 years after the intervention. 
Structured training programs on the scientific background 
of hand hygiene based on the guidelines issued by WHO,8 
as well as on the proper technique for use of ABHR, should 
be included in the curriculum of medical students. Further-
more, repeated training programs should be offered to phy-
sicians throughout professional life. 
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Healthcare-Associated Infection: 
A Significant Cause of Hospital 
Readmission 
Healthcare-associated infections (HAIs) cut across different 
services and diagnostic categories. Previous studies1"4 have not 
specifically addressed hospital readmissions caused by HAL 
We undertook this pilot study to evaluate the proportion and 
characteristics of patients readmitted to the hospital due to 
HAL 
We performed an observational, prospective cohort study. 
The setting was Parkland Memorial Hospital (PMH), a 672-
bed, county tax-supported, tertiary care academic referral 
center that provides a wide range of services, including level 
I trauma, burn, transplantation, and high-risk obstetrics. Pa-
tients who were readmitted to PMH within 28 days after 
discharge from an inpatient unit in PMH during a 3-month 
period from April through June 2009 were identified from 
the hospital administrative database. We excluded patients 
who had the following characteristics during the index ad-
mission: admission for 23-hour observation; neonates; pa-
tients undergoing chemotherapy, radiation therapy, rehabil-
itation, or hemodialysis; and patients who had died. De-
mographic data, such as age, discharging and readmitting 
service, sex, ethnicity, language, and whether the patient re-
ported need for an interpreter were collected. Presence of 
HAI within 48 hours after readmission was ascertained after 
reviewing medical records for presence of clinical and labo-
ratory evidence of HAI and applying definitions from the 
Centers for Disease Control-National Health Safety Net-
work.5 The HAI was determined to be the primary cause of 
readmission if the attending physician documentation indi-
